ABSTRACT
INTRODUCTION
Pregnancy beyond 35 weeks of gestation has been shown to affect the pelvic floor of women, irrespective of the mode of delivery 1 . The pelvic organs remain more mobile following delivery compared with during the first trimester 1 . Levator ani muscle (LAM) avulsion occurs in 13-36% of women after vaginal delivery [2] [3] [4] [5] [6] and is an important factor associated with irreversible hiatal distension 1, 3 . Previous studies have shown that by 6 months to 1 year after delivery, sonographic features suggestive of 'healing' can be seen in 17-24% of LAM avulsions detected at 8 weeks to 3 months after delivery [7] [8] [9] , while there is also evidence of partial recovery of the pelvic floor 1, 10, 11 . Most of these studies, however, are limited by a short follow-up time, studying the effect of delivery on the pelvic floor only up to 6 months to 1 year after delivery 1, 3, [9] [10] [11] . There is limited longer-term longitudinal information on pelvic floor biometry of women after their first delivery. There is even less information on the impact of a second delivery on pelvic biometry.
This study was conducted to evaluate the pelvic floor biometry of women more than 3 years after their first delivery. The effect of a single delivery, a subsequent delivery and the mode of delivery, on pelvic floor biometry was evaluated.
METHODS
All women (n = 328) who had participated in a previous prospective observational study 1 and delivered in our institution between 1 January 2010 and 22 May 2011 were invited for follow-up and to participate in this study. The previous study recruited nulliparous Chinese women with a singleton pregnancy during their first trimester (9-12 weeks' gestation), from 5 August 2009 to 28 September 2010; the women were examined by translabial ultrasound during the first trimester of pregnancy, and at 8 weeks and 1 year postpartum, and mode of delivery and relevant demographics were collected 1, 12 . At follow-up, written informed consent was obtained from the women who agreed to participate and study approval was obtained from the Institutional Ethics Committee for Research on Human Subjects (CRE -2013.322). For women who had a subsequent pregnancy at the time of recruitment, the follow-up appointment was arranged for at least 6 months after this second or third delivery; women with an ongoing pregnancy were excluded from the study. Women were asked if they had a subsequent pregnancy, and if applicable, mode of delivery and delivery information were obtained. For those who delivered in our institution, demographic information, including maternal characteristics, mode of delivery, duration of second stage and birth weight, were obtained from review of medical records.
Women who had one or more vaginal delivery (VD), including normal VD, ventouse extraction or forceps delivery, were regarded as the 'VD-only' group. Women who had either VD followed by Cesarean section (CS) or CS followed by VD were regarded as the 'VD and CS' group, and those who had one or more CS, without any VD, were regarded as the 'CS-only' group.
A standard translabial ultrasound examination to assess the pelvic floor was performed by one of the investigators (L.L.) 13 . A three-dimensional (3D) GE Voluson 730 (GE Medical Systems, Zipf, Austria) ultrasound system with a 4-8-MHz autosweep transducer was used for all imaging. The transducer was placed on the perineum in the midsagittal plane with the woman in a supine position, immediately after voiding. 3D ultrasound images of the pelvic floor anatomy were obtained with a sweep angle of 85
• at rest, on maximum Valsalva maneuver (VM) and on maximum pelvic floor muscle contraction (PFMC). Women were asked to perform VM and PFMC until a satisfactory performance was achieved. At most, three VMs and three PFMCs were performed, with the most effective contraction being used for evaluation. The volume datasets were saved and offline analysis was performed later. Taking the posteroinferior edge of the pubic symphysis as the reference point, the position of the pelvic organs was measured (in cm) at rest, on VM and on PFMC. The distances from the reference point to the bladder neck, cervix (defined as the most inferior part of the uterine cervix) and anterior anorectal junction (defined as the anorectal junction at the anterior wall of the anorectum) were measured ( Figure 1 ) 1, 12, 13 . Subsequently, the hiatal area was measured on the axial plane of minimal hiatal dimensions, defined as the horizontal line between the pubic symphysis and the hyperechogenic anterior border of the levator ani muscle, just posterior to the anorectal angle in the midsagittal orientation (Figure 1 ) 13 .
The ultrasound volume datasets obtained on maximum PFMC were used to assess LAM avulsion in a standard way 13 . LAM was assessed using tomographic ultrasound imaging on volumes obtained on maximum PFMC at 2.5-mm slice intervals, from 5 mm below to 12.5 mm above the plane of minimal hiatal dimensions. Following this, measurements of the levator-urethra gap (LUG) were performed. LAM avulsion was defined according to the minimal criteria for complete avulsion of the LAM using a cut-off of 23.6 mm for LUG in at least three central slices obtained at the level of minimal hiatal dimensions, and 2.5 and 5 mm above 4, 14 . Hiatal overdistension was defined as an increase in hiatal area of 20% or more when compared with findings during the first trimester of the first pregnancy 1, 3 .
Statistical analysis
Descriptive statistics were used. Indices measured in two groups of subjects were compared using the independent sample t-test. The chi-square test was used for comparison of categorical data. Mixed between/within-subject ANOVA was conducted to assess the impact of parity on pelvic organ positions and hiatal area, comparing measurements obtained in the first trimester of the first pregnancy, and at 8 weeks and 1 year after the first delivery, with those obtained at this follow-up. Paired sample t-tests were used for comparison of pelvic organ positions and hiatal area in primiparous women between 1 year postpartum and this follow-up. Univariate analysis was used to explore the risk factors for hiatal overdistension. Binary logistic regression analysis was performed to identify the risk factors for hiatal overdistension. A value of P < 0.05 was considered statistically significant.
RESULTS
A total of 328 women completed our previous observational study and were eligible for the present study. Overall, 240 (73.2%) attended this follow-up and completed the study. Twelve women were excluded due to current pregnancy; the remaining women either declined to participate or did not attend follow-up. There were no statistical differences in age of women at first delivery, gestational age at first delivery, mode of delivery, birth weight of first baby, duration of second stage of labor or prevalence of LAM avulsion between those who attended the follow-up and those who did not.
For those who completed the study, the current mean age was 35.3 ± 3.7 years, and the mean body mass index (BMI) was 21.9 ± 3.5 kg/m 2 . The mean interval from first delivery was 45.3 ± 7.8 (range, 36-65) months and mean parity was 1.5 ± 0.5. Overall, 179 women had one or more VDs (VD-only group), nine had both VD and CS, and 52 had one or more CSs (CS-only group) ( Figure 2 ). The positions of the pelvic organs (bladder neck, cervix, anterior anorectal junction) of the VD-only and CS-only groups at rest, on VM and on PFMC during the first trimester of the first pregnancy, 8 weeks and 1 year after the first delivery and at this follow-up are shown in Figure 3 , and the respective hiatal area measurements are shown in Figure 4 . When comparing primiparous women with multiparous women in the VD-only and CS-only groups, there was no difference in the positions of the bladder neck, cervix or anterior anorectal junction, or in the hiatal area at rest, on VM or on PFMC in the first trimester of the first pregnancy; however, significant changes in pelvic floor biometry were observed in both VD-only and CS-only groups from first trimester to the 3-5-year follow-up. Both the primiparous VD group and the multiparous VD-only group showed a lower bladder neck on VM and PFMC (both P < 0.001, partial eta-square value (η 2 p ) 0.12 and 0.49, respectively), a lower cervical position at rest, on VM and PFMC (all P < 0.001, η 2 p = 0.30-0.60), a greater hiatal area (all P < 0.001, η 2 p = 0.26-0.45) and a lower anterior anorectal junction on VM (P < 0.001, η 2 p = 0.15) but a higher level during PFMC (P = 0.005, η 2 p = 0.08). Compared with pelvic floor biometry measurements at 1 year of follow-up, primiparous VD women at the 3-5-year follow-up had lower bladder neck on VM, and lower cervix and greater hiatal area at rest, on VM and on PFMC (Table 1) .
From the first trimester of the first pregnancy, both the primiparous CS group and the multiparous CS-only group showed lower bladder neck on VM (P < 0.001, η = 0.18-0.38). In primiparous CS women, measurements at rest at this follow-up showed a lower cervix and a greater hiatal area, but a higher bladder neck and anterior anorectal junction compared with measurements at 1 year of follow-up (Table 1) .
Original cohort (n = 328)
Completed current study (n = 240) With respect to the effect of parity on pelvic organ positions and hiatal area, the multiparous VD-only group had a greater hiatal area at rest when compared with the primiparous VD group (14.2 ± 3.1 cm 2 vs 13.2 ± 2.8 cm 2 ; P = 0.027, η 2 p = 0.033). There was no other difference in pelvic organ positions at rest, on VM or during PFMC, or on hiatal area during VM or PFMC, between primiparous and multiparous VD-only groups, or primiparous and multiparous CS-only groups.
Compared with the CS-only group, the VD-only group had a greater hiatal area at rest at the 3-5-year follow-up (13.6 ± 2.9 cm 2 vs 11.9 ± 2.4 cm 2 , P < 0.001), on VM (16.5 ± 5.4 cm 2 vs 14.0 ± 3.6 cm 2 , P < 0.001) and on PFMC (10.9 ± 2.5 cm 2 vs 9.7 ± 2.0 cm 2 , P = 0.002), and this was regardless of parity. The VD-only group also had a lower bladder neck on VM (1.9 ± 0.8 cm vs 2.2 ± 0.6 cm, P < 0.008). Compared with the multiparous CS-only group, the multiparous VD-only group had a greater hiatal area at rest, on VM and PFMC, and a lower bladder neck on VM. Compared with the primiparous CS-only group, the primiparous VD-only group had a greater hiatal area at rest, on VM and on PFMC.
Overall, 28 women of the VD-only group had LAM avulsion at the 3-5-year follow-up. There was no statistical difference in the prevalence of LAM avulsion between primiparous and multiparous women in the VD-only groups (19/101 (18.8%) vs 9/78 (11.5%), respectively (P = 0.18)). When evaluating hiatal area measurements at this follow-up and in the first trimester, there was a statistically significant increase in hiatal area at rest, on VM and on PFMC in women with compared with those without LAM avulsion (rest, 56.2 ± 33.8% vs 17.7 ± 25.9%; VM, 91.2 ± 49.5% vs 27.9 ± 36.6%; PFMC, 52.7 ± 34.6% vs 9.0 ± 20.3%; all P < 0.005). More women with LAM avulsion had hiatal overdistension (rest, 82.1% vs 43%; VM, 96.4% vs 49%; PFMC, 82.1% vs 29.1%; all P < 0.001). Age at first pregnancy, current age, BMI at first pregnancy, current BMI, parity, birth weight of heaviest baby and interval from last delivery, were not associated with hiatal overdistension. At least one vaginal delivery and LAM avulsion were associated with hiatal overdistension at rest and on PFMC. Binary logistic regression showed that LAM avulsion (adjusted relative risk (RR), 8.09 and 14.81 at rest and on PFMC, respectively) and vaginal delivery (adjusted RR, 2.95 and 2.77 at rest and on PFMC, respectively), were significantly associated with hiatal overdistension (Table 2) . However, only LAM avulsion was associated with hiatal overdistension on VM. In fact, all women who had LAM avulsion had hiatal overdistension on VM.
On multiple regression analysis, hiatal area at rest at 1 year postpartum (beta = 0.56, P < 0.005), LAM avulsion (beta = 0.24, P < 0.005) and multiparity (beta = 0.15, P = 0.0024), were the factors contributing to a greater hiatal area at rest in the VD-only group at this follow-up.
DISCUSSION
The prevalence of women reporting symptoms of pelvic floor disorders, such as urinary incontinence and pelvic organ prolapse, increases with increasing parity 15, 16 . Previous studies have focused on pelvic floor changes mainly in primiparous women after their first delivery 1, 3, [8] [9] [10] [11] . In this study, we were able to follow up women for a mean of 3.8 years after their first delivery. The follow-up rate was over 70% and a substantial portion of women had a second delivery. This allowed us to evaluate the effect of parity on pelvic floor biometry and assess whether pelvic floor changes persist following a longer interval from first delivery.
Having at least one VD increased the risk of women having hiatal overdistension at rest and on PFMC (adjusted RR of 3.0 and 2.8, respectively). This is compatible with a retrospective study in middle-aged women that showed a strong association between vaginal parity and hiatal area on Valsalva 17 . Women with one or more VDs have been shown to have a greater hiatal area when compared with women who had never had a VD 17 . Multiparous VD women had a greater hiatal area at rest when compared with primiparous VD women; however, the effect size according to partial eta square (0.03) was small. The clinical significance of this finding at this stage is uncertain. We also found that a greater hiatal area at rest at 1 year after the first delivery was a contributing factor to a greater hiatal area at the 3-5-year follow-up. This is again compatible with the findings of Kamisan Atan et al. who observed that most of the increase in hiatal area seems to be associated with the first VD 17 . Age at first pregnancy, current age, BMI at first pregnancy, current BMI, parity, birth weight of heaviest baby or time from the last delivery were not associated with hiatal overdistension. Kamisan Atan et al. found that higher BMI was associated with a greater hiatal area; the BMI of their subjects was 29 ± 6 kg/m 2 , whereas the BMI of our women was 21.9 ± 3.5 kg/m 2 . There was no significant difference in pelvic organ positions at rest, on VM or on PFMC, between primiparous and multiparous women in the VD-only or the CS-only group. This is also compatible with the findings of Horak et al. who did not observe any significant change in bladder neck descent or cystocele descent on VM in women before or after a second delivery 18 . There is limited information in the literature about the cervical position and the anterior anorectal position for comparison.
After a first delivery, there was an increase in pelvic organ mobility 1, 10, 18 . There was no clear difference, however, between the pelvic organ mobility observed following VD or CS, except for a greater hiatal area after VD 1, 10, 18 . Even after the second delivery, there was no difference in pelvic organ mobility observed between the VD-only group and the CS-only group, except for a lower bladder neck on VM. Horak et al. reported a trend toward higher bladder neck mobility after a second VD when compared with a second delivery by CS, although the difference was not statistically significant, perhaps because of the small sample size 18 . After a second delivery, there was a consistent finding that women who had a second VD had a greater hiatal area at rest, on VM or during PFMC, when compared with women who had CS. In fact, the greater hiatal area can be attributed to a proportion of women having LAM avulsion. This is a known risk factor for hiatal distension 1, 3 . Regardless of parity and mode of delivery, more changes in pelvic floor biometry were observed with a longer follow-up interval after the first delivery, even in the primiparous VD or CS group. Bladder neck and anterior anorectal junction were lower on VM, and the cervix was lower at rest, on VM and PFMC, while greater hiatal area was also observed. Most of the partial eta squares were above 0.06 or even 0.14, which represents moderate or even large effect size, respectively. Previously, we reported that no difference was observed in symptoms of pelvic floor disorders or pelvic floor health-related quality of life in women with LAM avulsion at 1 year after their first delivery 9, 19 . However, at 3-5 years after the first delivery, even though there was no significant increase in LAM avulsion, more women with LAM avulsion reported symptoms of stress urinary incontinence. Therefore, the effect of pelvic floor changes after delivery may take years to become apparent and the symptoms and effect on quality of life of these women may occur years after delivery. Pelvic organ prolapse usually occurs years after delivery 20, 21 . One of the limitations of the study was that approximately one-quarter of the women who participated in our previous observational study did not return for follow-up. Should the persistent pelvic floor biometry changes observed in this study not be present in these women, they may not experience symptoms of pelvic floor disorders, and thus the effect of time after a first delivery on the pelvic floor may be overestimated in this study. A longer follow-up is needed to evaluate if the observed changes may be associated with pelvic floor disorders in these women.
In conclusion, significant changes in pelvic floor biometry of women were observed with increasing time after their first delivery, regardless of parity or mode of delivery. At 3-5 years after the first delivery, a lower bladder neck and anterior anorectal junction were observed on VM, and a lower cervix and a greater hiatal area were observed at rest, on VM and on PFMC, compared with findings in the first trimester and at 1 year of follow-up. Women with two or more VDs had a greater hiatal area compared with those who had only one VD, and women with at least one VD had a greater hiatal area compared with those who delivered only by CS.
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